INTRODUCTION
Periodontitis is a chronic inflammatory disease initiated by bacterial infection between the teeth and their supporting tissues [1] . Periodontitis can lead to destruction of alveolar bone and is the most common cause of tooth loss in adults. Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by inflammation of the synovium lining the joints; severe disease results in destruction of cartilage and bone. In individuals with certain genetic backgrounds, RA is triggered by environmental factors such as smoking and infections. Periodontitis may be one such trigger; indeed, increasing evidence suggests an association between periodon-
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The pathogeneses of periodontitis and RA share environmental and genetic characteristics. For example, cigarette smoking increases the risk of both periodontitis and RA [4, 5] . Several shared genetic factors are found in periodontitis and RA [6] [7] [8] . Smoking plus human leukocyte antigen (HLA)-DRB1 shared epitope alleles are associated with citrullination of peptides, which triggers anti-citrullinated peptide antibody (ACPA) responses in RA [9, 10] . Periodontitis also shows an independent relationship with ACPA-positive RA [11] . Porphyromonas gingivalis, a unique periodontal pathogen that expresses the citrullinating enzyme peptidyl arginine deiminase (PAD), may explain this linkage with RA. A recent report shows that Aggregatibacter actinomycetemcomitans may trigger RA by inducing hypercitrullination [12] . Efforts to identify a causal relationship between periodontal pathogens and autoimmunity in RA are ongoing.
Epidemiologic studies support the relationship between periodontitis and RA. A study based on data from the third National Health and Nutrition Examination Survey (NHANES) in the USA reported a positive association of periodontitis and tooth loss with RA [13] . Another study based on national claims data from Taiwan also found an association between periodontitis and incidence of RA [14] . However, other population-based cohort studies do not show an association between periodontitis and RA [15] [16] [17] . These epidemiologic studies had some limitations in that they used inconsistent measures to define periodontitis or RA, or did not consider smoking status (the most important confounding factor).
The purpose of the present study was to examine the association between RA and periodontitis or tooth loss using data from Korean National Health and Nutrition Examination Survey (KNHANES). We assumed that patients with RA would be more likely to have periodontitis and tooth loss than non-RA controls. Possible confounding factors, including age, sex, smoking status, socioeconomic status, oral health status and behavior, body mass index (BMI), and diabetes, were considered.
METHODS

Data source
Data were obtained from the fifth and sixth KNHANES, which was conducted by the Korea Centers for Disease Control and Prevention during 2010 to 2015. KNHANES is a representative and non-institutionalized survey that monitors health behaviors, disease, and nutritional status of the South Korean population. Approximately 3,840 household units from 192 regions are sampled annually. Household sample units were based on the registered population in 2009 and the Population and Housing Census, 2010. Household members underwent interview and medical examinations by well-trained health professionals. Dental examinations were performed by trained dentists.
The number of candidates from the fifth (2010 to 2012) and sixth (2013 to 2015) KNHANES were 31,596 and 29,321, respectively. Response rates were 80.8% and 78.3%, re spectively (https://knhanes.cdc.go.kr). In accordance with the Declaration of Helsinki, informed consent was obtained from each survey participant. The survey was approved by the Institutional Review Board of the Korea Centers for Disease Control and Prevention (2010-02CON-21-C, 2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C, 2013-12EXP-03-5C).
Study population
Among the 48,482 participants from the fifth and sixth KNHANES, 37,633 participants aged ≥ 19 years were included in the study ( Fig. 1 ). Pregnant women and individuals with recent periodontal treatment (< 1 year) were excluded. Participants with missing data were also excluded. Thus, 20,297 participants were included in the final analysis.
Classification of RA
Study participants were asked if (1) they had physician-diagnosed RA and (2) whether they were receiving treatment for RA. We defined RA as a physician-diagnosed disease that was being treated. Musculoskeletal examinations and laboratory tests (e.g., rheumatoid factor and ACPA levels) are not performed for KNHANES. 
Dental examination and definition of periodontitis and tooth loss
Periodontal status was examined using a community periodontal index (CPI) probe, with a 20 g force applied to the periodontal pocket. Teeth were divided into six sections: right upper, upper front, left upper, left lower, lower front, and right lower. CPI scores were registered for each section. Periodontal probing was performed for ten index teeth (17, 16, 11, 26, 27, 37, 36, 31, 46 , and 47, in that order). If there were no remaining index teeth in a particular section, other teeth were examined and the highest score was allocated as the CPI score for that section. Periodontitis was defined as a CPI score of 3 or 4 (range, 0 to 4) in at least one of the six sections. A CPI score of 3 meant a periodontal probing depth ≥ 4 mm and a CPI score of 4 meant a periodontal probing depth ≥ 6 mm.
The number of natural teeth (except wisdom teeth) was evaluated and categorized as 28, 20 to 27, or 0 to 19. Fewer than 28 (0 to 27) natural teeth was defined as tooth loss. Severe tooth loss was defined as fewer than 20 (0 to 19) natural teeth [18, 19] .
Assessment of other variables
Age, sex, BMI, socioeconomic status (education level and household income), smoking status, alcohol consumption, physical activity, presence of diabetes mellitus, and oral health status and behavior were evaluated. BMI was categorized as underweight (BMI < 18.5), normal (BMI ≥ 18.5 and < 25), and obese (BMI ≥ 25). Education level was determined according to whether a participant finished high school. Household income was divided into quartiles and classified as "lower income" (quartile 1 or 2) and "higher income" (quartile 3 or 4). Smoking status was classified as "never smokers" (< 100 cigarettes in their lifetime), "former smokers" (≥ 100 cigarettes in their lifetime but not currently smoking), and "current smokers" (≥ 100 cigarettes in their lifetime and currently smoking). Alcohol consumption was classified as "non-drinkers" (≤ once per month), "mild to moderate drinkers" (2 to 4 times per month or 2 to 3 times per week), and "heavy drinkers" (≥ 4 times per week). Physical activity was based on walking frequency (at least 10 minutes continuously) over a period of 1 week and was classified as "< 5 days per week" and "≥ 5 days per week." Diabetes mellitus was diagnosed when fasting glucose levels were ≥ 126 mg/dL or the participant was receiving oral glucose-lowering agents and/or insulin. Presence of dental caries was evaluated and frequency of daily toothbrushing was classified as "< twice" and "≥ twice per day."
Statistical analysis
All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA) with survey procedures to produce nationally representative estimates and account for the complex sampling design. Data were expressed as the mean (standard error [SE]) for continuous variables and as the number (percentage) for categorical variables. Variables such as age, sex, BMI, socioeconomic status, smoking status, alcohol consumption, physical activity, presence of diabetes mellitus, and oral health status and behavior (including presence of periodontitis and the number of natural teeth) were compared between RA and non-RA controls. Group comparisons were assessed using the F-test in PROC SURVEYREG Weighted number of subjects, which represents the national population.
c Physical activity was based on walking frequency (at least 10 minutes continuously) over a period of 1 week. 
RESULTS
Characteristics of study participants
The 20,297 participants included 157 patients with RA and 20,140 non-RA controls. The weighted number of RA patients and non-RA controls was 146,913 and 22,992,779, respectively, based on nationally representative KNHANES data. All values were obtained by considering "weights" to make the results of this study can represent the whole national population. The characteristics of study participants are described in Table 1 . Patients with RA were older than non-RA controls. Education level and household incomes were significantly lower for patients with RA than for non-RA controls. RA patients were more likely to be obese than non-RA participants, but the difference was not significant in women. For male participants, never smokers were more common in the non-RA control group (13.7% RA vs. 28.2% non-RA) and former smokers were more common in the RA group (47.5% RA vs. 29.8% non-RA); however, the differences were not statistically significant (p = 0.087). Approximately 90% of female participants in the RA and non-RA groups were never smokers. Alcohol drinkers (mild to moderate and heavy) were more common in the non-RA group.
Periodontitis was significantly more common in RA patients than in non-RA controls in women (28.7% vs. 19.9%, respectively; p = 0.042). The number of natural teeth was significantly lower in RA patients than in non-RA controls. Tooth loss (number of natural teeth: 20 to 27 and 0 to 19) was significantly more common in RA patients than in non-RA controls. Dental caries were more common in RA patients than in non-RA controls, particularly in men. 
Association between RA and periodontitis
Univariable analysis conducted for the female population revealed that periodontitis was associated with RA; however, this did not remain true in multivariable analyses adjusted for age, smoking status, education level, dental caries, frequency of toothbrushing, BMI, alcohol consumption, physical activity, and diabetes mellitus ( Table 2) . Multivariable analysis performed for male was adjusted for age, smoking status, education level, dental caries, and frequency of toothbrushing because of the relatively small sample size of men. Subgroup analysis stratified by age revealed no association between RA and periodontitis, although the adjusted OR of RA was approximately 1.2 for periodontitis in those aged < 60 years (Table 3 ).
Association between RA and tooth loss
Univariable analysis identified an association between tooth loss and RA, but the association was lost in mul-tivariable analyses adjusted for confounding variables (Table 4 ). However, tooth loss was significantly associated with RA in those aged < 60 years (β = 0.20, p = 0.042 when adjusted for sex, smoking status, education level, dental caries, and frequency of toothbrushing) ( Table 5 ).
DISCUSSION
Here, we examined the association between RA and periodontitis or tooth loss using nationally representative data from Korea. There was a strong association between RA and tooth loss in younger adults. Patients with RA aged < 60 years tended to have periodontitis, but the result was not statistically significant. There were no significant associations between RA and periodontitis or tooth loss in those aged ≥ 60 years.
Age seems to be an important confounding factor in the relationship between RA and periodontitis or tooth Crude and adjusted OR (95% CI) of RA for periodontitis are presented. RA, rheumatoid arthritis; OR, odds ratio; CI, confidence interval a Adjusted for sex, smoking, education level, dental caries, and frequency of toothbrushing. The Korean Journal of Internal Medicine Vol. 34, No. 6, November 2019 loss. The risk of periodontitis rises steadily with age and is highest in adults aged > 65 years [5] . Previous studies show that tooth loss is associated with several factors, including older age, smoking, low socioeconomic status, and comorbidities (RA and diabetes mellitus) [20] [21] [22] [23] . Here, we found a significant association between tooth loss and RA after stratification by age. RA was an independent factor associated with tooth loss in younger adults, whereas factors other than RA were associated with tooth loss in older adults. The present study suggests that the association between RA and periodontitis or tooth loss may depend on age. Periodontitis was not associated with RA, but tooth loss was significantly associated with RA in younger adults. Although dental caries and periodontitis are primary causes of tooth loss [24] , the present study revealed the association between RA and tooth loss independent of dental caries. Our results support that periodontitis in younger RA patients may progress easily to tooth loss. Some factors might influence on the association between RA and tooth loss, such as reduced salivary flow rates in RA patients [25] .
Although we found no significant association between RA and periodontitis, previous studies do demonstrate a relationship [2, 3, 26, 27] . Some factors in the present study may make it difficult to identify an association between RA and periodontitis. First, periodontitis may be associated with specific types of RA, such as seropositive RA.
Smoking increases the risk of developing seropositive, but not seronegative, RA [28] . Smoking is also a wellknown risk factor for periodontitis [5] . Based on these ideas, there may be an association between periodontitis and seropositive RA. A case-control study by Mikuls et al. [11] confirmed that periodontitis was not associated with RA overall but was associated with seropositive RA. The contribution of seropositivity to the relationship between RA and periodontitis has been reported by other studies [13, 29] . Second, the association between RA and periodontitis may be restricted to the patients harboring specific genes. For example, smoking is a risk factor for ACPA only in patients with RA who carry shared epitope alleles [9, 30] . In addition, different shared epitope subtypes contribute differently to development of ACPA and in their interaction with smoking [31] . From an ethnical perspective, patients with RA express different patterns of susceptibility alleles [32] , and these genetic differences may explain the inconsistent findings regarding associations between RA and periodontitis.
Some studies demonstrate linkage between RA and periodontal disease, and recent basic research has identified possible periodontal pathogens that can induce RA-associated autoimmunity. For example, P. gingivalis expresses its own PAD, which can generate citrullinated autoantigens in the host and auto-citrullinate bacteria. Studies show that this unique bacterium may initiate early citrullination, thereby triggering development of an ACPA response in patients with RA [33] . However, other bacteria can also trigger citrullination. Konig et al. [12] found that one type of oral bacterium, A. actinomycetemcomitans, might be an important trigger in RA patients. They studied the oral microbial composition of patients with periodontal disease. Among microbial pathogens associated with periodontal disease, only A. actinomycetemcomitans induced hypercitrullination which was similar to those found in RA joints. Pore-forming toxin was found to activate PAD enzymes in host neutrophils by affecting calcium influx. Thus, specific periodontal pathogens, rather than periodontal disease itself, might trigger citrullination and explain RA pathogenesis. The present study has some limitations. First, classification of RA was based on patient self-reporting, which could be inaccurate. Self-reported arthritis yields variable results in terms of sensitivity, specificity, and positive and negative predictive values [34, 35] . Although self-reported RA shows low accuracy, coupling this with self-reported medication data increases positive predictive value for RA [36, 37] . Here, we based a diagnosis of RA on a combination of self-reported RA plus self-reported medication data. The prevalence of RA in our data was 0.8% which is similar to the known prevalence of RA [38] . Second, we did not determine the causal relationship between RA and periodontitis or tooth loss as the present study was cross-sectional in design.
Nevertheless, the data have several implications. We considered major confounding variables that influence the association between RA and periodontal disease. Older age and cigarette smoking increase the risk of RA and periodontitis. In addition, a larger proportion of Korean women than men are never smokers; thus, smoking status and sex had to be considered. Moreover, periodontal examination performed by trained dentists provides an accurate diagnosis of periodontitis. Previous epidemiologic studies are limited as they did not perform accurate diagnosis of periodontal disease, nor did they consider important confounding variables [14] [15] [16] .
In conclusion, RA was not associated with periodontitis; however, it was associated with tooth loss in younger adults. Older age was an important factor in the association between RA and periodontitis or tooth loss. The results of this study suggest that RA patients with periodontitis may be more likely to experience tooth loss than non-RA controls. Further research should take into account seropositivity and/or genetic factors, which may help to explain the association between RA and periodontitis more precisely.
